The paper investigates the determinants of innovation strategies in the agri-food sector and the potential complementarity of these strategies. Innovation strategies are distinguished as in-house and outsourcing. The choice between strategies is motivated by transaction cost minimization, property rights appropriation and optimization of firms' resources and competences. A bivariate probit model is implemented using cross-section data on 1,393 agri-food firms in seven EU countries. Results show that: decisions to innovate in-house or to outsource are not interlinked; high quality human resources and the use of ICT influence both the decision to innovate in-house and outsourcing, while organizational aspects, especially those related to decision-making within the firm, are relevant only for in-house innovation. Finally, we also find that large and internationalized firms are more likely to innovate in-house.
It is widely recognized that innovation strategies are a key determinant of firm performance and competitiveness (Cruz-Cázares et al., 2013; Han and Bae, 2014; Huang et al., 2009) . Firms are increasingly forced to actively decide on their organizational boundaries to innovate, either through in-house innovation activities or by outsourcing at least part of the innovation process. In recent years, outsourcing has gained in importance as an innovation strategy (Han and Bae, 2014; Narula, 2004) . The increase in knowledge content of products has driven firms to utilize external means to innovate. A large number of studies have investigated and tried to explain this phenomenon (see Huang et al.(2009) for an overview). While innovation strategies are sector-specific (Alfranca et al., 2004) , most of these studies have focused on manufacturing and there is little empirical evidence on innovation strategies in agri-food firms (Hernández-Espallardo et al., 2011; Pascucci et al., 2011 Pascucci et al., , 2012 Triguero et al., 2013 ). An explanation of the limited research interest in innovation studies on the agrifood sector can be that the sector is generally believed to be a low-tech industry displaying low innovation intensity (Mark-Herbert, 2004; Triguero et al., 2013) . However, several authors claim that innovation processes in the agri-food industry are becoming more complex, maybe even more than in other sectors (Enzing et al., 2011; Rama, 2008) . Reasons for this development include the biotechnology revolution and the increased pressure to maintain better process controls to guarantee food safety, variety and quality. These developments are, for instance, especially relevant for the rise in functional foods, a novel food category that combines technological know-how from both the medical and the food domain (Mark-Herbert, 2004; Triguero et al., 2013) .
This working paper contributes to the COMPETE work package "Innovation research and development" (WP9)
. The contribution to the existing literature investigating firms' innovation strategies is threefold. First, the focus of this study will be on the agri-food sector. While some authors claim that innovation activities in the agri-food sector are dominated by multinational food companies (Alfranca et al., 2004) , the sector itself is dominated by small and medium sized companies (SMEs). In light of increased innovation pressure, it will be especially relevant to see how these SMEs are affected. Second, the literature on firms' 1 This paper is part of the COMPETE framework, a research project supported by the European Commission's Seventh Framework Programme (Contract No 312029) . The authors have benefited from access to the EU-EFIGE/Bruegel-UniCredit database, managed by Bruegel and funded by the European Union's Seventh Framework Programme ([FP7/2007 ([FP7/ -2013 under grant agreement n° 225551), as well as by UniCredit. 2 To understand the importance of organisation as a complementary aspect of innovative capacity in food industries is one of the objectives of WP9. decisions to use external or internal resources to innovate has generally ignored the potential complementarity between these strategies (Cruz-Cazares et al., 2013) . The current study will explicitly allow assessing complementarity or substitutability between in-house production and outsourcing of innovation processes in the agri-food sector. Finally, most of the previous research on innovation strategies in the agri-food sector is based on case-studies or on small samples of firms (Triguero et al., 2013) . This study will use the EU-EFIGE Bruegel-UniCredit dataset (in short, EFIGE), a database collected within the EFIGE project 3 . The dataset consists of a representative sample (at country level) of around 15,000 surveyed firms in seven European countries (Austria, France, Germany, Hungary, Italy, Spain, and United Kingdom). The sub-sample, which we will employ in the current study, contains around 1,400 agri-food firms. Data were collected in 2010, covering the years 2007 to 2009.
The next section will present the basis for the conceptual framework and focuses on the central contributions of transaction cost economics and the resource-based view of the firm. Section 3 derives specific hypotheses about the determinants of agri-food firms' strategies to innovate in-house or to source innovations externally. The framework also presents arguments about the conditions under which in-house production and outsourcing are expected to be complementary strategies. Section 4 presents the data and research methodology. Section 5 illustrates the achieved results. Finally, we present the discussion and conclusions.
2 Literature review on antecedents of innovation strategies Transaction Cost Economics (TCE) has been the dominant paradigm in the study of the "make or buy" decision across different contexts, including innovation governance (Arvanitis and Loukis, 2013; Gooroochurn and Hanley, 2007; Pascucci et al., 2011 Pascucci et al., , 2012 Stanko and Calantone, 2011; Williamson et al., 1989) . According to TCE, internalization (the "make" or "in-house" decision) minimizes transaction costs when uncertainty, asset specificity, and appropriability are relatively high (Teece, 1986; Williamson et al., 1989) ; conversely the market (the "buy" or "outsourcing" decision) is preferred (Williamson, 1985) . Transaction costs include: adaptation costs, namely efforts to adjust contracts to changing conditions resulting from environmental uncertainty, safeguarding costs, i.e. the costs of preventing opportunistic behavior by a contracting partner after the contract is signed, and measurement costs, the costs to verify contract compliance (Stanko and Calantone, 2011) . High asset specificity and uncertainty can lead to high adaptation, safeguarding, and measurement costs. Under these conditions firms may decide to internally control resources and outputs. Empirical studies find an unambiguous relation between higher asset specificity and internal innovation efforts and governance. The measures used to proxy asset specificity include sunk costs such as R&D (Gooroochurn and Hanley, 2007; Pascucci et al., 2011 Pascucci et al., , 2012 , the use of proprietary technologies and of skilled labor (Cruz-Cázares et al., 2013) , and measures for firm diversification (Nakamura and Odagiri, 2005) . Uncertainty is often analyzed through two main dimensions. On the one hand, scholars have investigated market uncertainty as uncertainty related to the unpredictable fluctuation of demand. However, no significant empirical findings have been found for its impact on innovation governance decisions (Gooroochurn and Hanley, 2007; Love and Roper, 2005) . On the other hand, scholars have used technological uncertainty as a dimension of uncertainty related to the firm's inability to forecast technical requirements. Commonly used proxies of technological uncertainty are R&D projects at the early/advanced stage, project duration, and number of technologies used. Empirical findings about the impact of this type of uncertainty have been ambiguous (Calantone and Stanko, 2007; Stanko and Calantone, 2011) .
The Resource-Based View of the firm (RBV) has been the second main paradigm to explain firms' outsourcing decisions. Resources include all assets, capabilities, organizational processes, and knowledge controlled by a firm. In this sense, RBV overcomes some criticisms of TCE, namely that it fails to incorporate innovation, learning and the nature of knowledge (Nooteboom, 2004; Pascucci et al., 2012; Teece, 2007) . RBV adds a dynamic ability in the development of new competences and resources, instead of focusing only on the static dimension of efficiency as in TCE (Nooteboom, 2004) . Several antecedents have been found in the literature for the decision to outsource. First, following the RBV perspective, external R&D is selected for those activities in which the firm is not specialized or that are non-core activities (Cruz-Cázares et al., 2013) . Second, with regard to appropriability, namely the extent to which results from innovative activities can be protected and are not easily diffused within an industry (Stanko and Calantone, 2011) , studies confirmed that the threat of losing intellectual property makes internalization more likely. Third, the path to competitive advantage matters: when technological competence is not viewed as a viable path to competitive advantages, firms favor outsourcing. Finally, low cost goals, profit margins, and firm size matter. Empirical evidence suggests that low cost goals are negatively associated with outsourcing, while high profit margins are conducive to external sourcing. However findings differ according to the technology level of the industry. In terms of the dimension of the firm, small firms tend to either exclusively develop technology in-house or contract development externally, while larger firms tend to adopt both strategies simultaneously (Veugelers and Cassiman, 1999) .
3 Factors affecting innovation strategies in agri-food firms
Starting from the TCE and RBV frameworks presented in section 2, this section adds insights from the strategic management literature and the specific features that characterize the agrifood sector to derive hypotheses about the innovation outsourcing decisions of food firms.
The relationship between the level of technological resources and strategy selection has not been extensively studied in the literature. ICT can be seen as an asset of a firm, justifying the choice to innovate in-house to benefit from the derivative advantages. However, some scholars have argued that the more technological resources are available to the firm, the greater the probability of outsourcing innovation is (Zhao et al., 2005) . Extensive internal and external communication networks can be seen as a precondition for firms that outsource innovation activities since they increase the firm's absorptive capacity to facilitate the necessary scanning and integrating activities when firms acquire knowledge and technologies from outside their boundaries (Cruz-Cázares et al., 2013) . Hence, openness to other firms could also help to manage complex ICT systems. Moreover, a low level of technological resources indicates that R&D is not a core activity of the firm. Furthermore, ICT reduces the external transaction and coordination costs making it feasible for firms to outsource activities (Arvanitis and Loukis, 2013) .
Hypothesis 1. (1a)
A sophisticated ICT system leads to in-house innovation to internalize benefits. (1b) On the other hand, complex ICT systems can also lead to outsourcing to share the management of complex systems.
Human capital endowment, a factor complementary to the intensive use of ICT and of flexible forms of workplace organization, is also expected to influence the decision to innovate inhouse or to outsource (Arvanitis and Loukis, 2013) . In particular, human capital endowments determine the firm's capacity to develop and implement R&D projects and represent a decisive factor with regard to the type of innovation achievement (Cruz-Cázares et al., 2013) . The presence of highly qualified employees and employees dedicated to R&D activities represents an asset specificity leading to innovating in-house. On the other hand, if it is considered as a dynamic capability, specific human capital endowments can also lead to the innovation outsourcing strategy.
Hypothesis 2. (2a)
Companies with a high share of employees dedicated to R&D activities and with a high share of highly-skilled employees are more likely to innovate in-house to protect these specific assets. (2b) On the other hand, highly skilled or highly specialized employees can also lead to outsourcing of innovation for companies that want to exploit dynamic capabilities.
The impact of product and process innovation in the strategy decision of the firm is another interesting aspect we consider. For example, according to (Veugelers and Cassiman, 1999) , process innovation is more likely to be outsourced than product innovations. Product innovation is considered as a firm-specific input. Therefore leakage through outsourcing has more important strategic implications than for generic process innovations. Leakage over generic R&D innovations cannot be used opportunistically by the supplier firm since most firms are contracting these innovations.
Hypothesis 3. Process innovation is more likely to be outsourced than product innovation.
Previous studies have identified chain and network relations as a factor that can influence the decision of a firm to outsource innovation . These relations include the linkages between the agri-food firm and other actors in the food chain and may reflect the attitude to enter into formal and/or relational networks (consortia, production-based associations, manufacturing joint-ventures, and informal contracts). The positive influence of such "networking" attitudes on innovation capacities is derived from the possibility to share information and "know-how", the reduction of uncertainty and increasing economies of scale for the involved firms (Teece, 1996) . Furthermore, the expertise gained in managing intragroup relationships may be a capability of the firm that can be further exploited by engaging in extra-group activities (Love and Roper, 2001) . Being part of a business group in fact eases outsourcing agreements by reducing transaction costs within the group and improving appropriability conditions over R&D results. Accordingly, firms belonging to business groups may be less reluctant to buy R&D from external sources that belong to the same group.
Hypothesis 4.
Firms that are part of a larger group of companies are more likely to outsource innovation activities and to access group resources.
There are some particular organizational characteristics of a firm that favor the outsourcing of innovation because of the reduction of transaction and coordination costs inside the firms. One such organizational characteristic is the level of decentralization of decision-making inside the firm (Arvanitis and Loukis, 2013) , the other is the functional flexibility of labor (Storey et al., 2002) . The decentralization of decision-making in firms in advanced industrialized countries is driven by a variety of inter-related forces such as the introduction of computerized information and communication systems (Lindbeck and Snower, 2000) . As a result, occupational barriers are dissolving, more attention is given to the capacity of people to acquire and use multiple skills, greater emphasis is placed on continuous learning and skills development, the ability to exploit complementarities, the sharing of tasks and the opening up of the boundaries of the firm.
Hypothesis 5. Firms with a relatively high degree of decentralization of decision-making inside the firm are more inclined to outsource innovation activities.
In the face of the increased use of fixed-term and of part-time contracts to reduce operating costs, questions arise about the influence these flexible employment forms may have on the capacity and probability to innovate and on innovation performances (Martínez-Sánchez et al., 2009; Michie and Sheehan, 2003; Storey et al., 2002) . To our knowledge, however, very little attention has been devoted in the literature to the impact of flexibility specifically on innovation strategies, even less with reference to the agri-food sector. On the one hand, flexibility of employment could be part of an in-house innovation strategy as highly skilled employees are hired specifically to develop a certain innovation within the firm. On the other hand, in-house innovation may also require permanent employees that know best how to use the firms' resources and capabilities to develop innovations. Similar reasoning could also hold for the opposite situation: being able to benefit from open innovation processes, the implementation of outsourced innovations could also require more permanently employed employees that are familiar with the internal workings of the firm and that know best which external technologies are most appropriate for the firm. This suggests the need for caution in interpreting the estimates.
Hypothesis 6. The impact of flexibility in employment contracting on the decision to outsource or internalize innovation is uncertain.
The firm's level of internationalization represents an important commercial resource, namely the reputation and relationship with foreign clients. By internationalizing, firms create new networks and gain access to foreign knowledge and technologies, which could reduce the transaction costs with potential suppliers. This may facilitate the decision to outsource innovation. (Görg et al., 2008) argue that exporters have a potential advantage vis-à-vis non exporters in accessing extensive knowledge about where to procure low-cost inputs in the world market, which is an important precondition for outsourcing (Arvanitis and Loukis, 2013) .
Hypothesis 7. The higher the firm's degree of internationalization, the higher the probability of selecting the outsourcing strategy.
The proprietary and ownership features of a firm and its dimension (size) are important strategic variables. (Carrasco-Hernández, 2013) suggests that the relationships among the members of family firms can foster the development of innovations, although this relationship could be conditioned by the family that owns the firm. Small and medium-sized enterprises are mostly family owned in many economies (Dunn, 1996) , and this is particularly true for agri-food firms. Like other firms, in order to be competitive, family businesses have to be innovative. They can be more innovative and "aggressive" in their markets due to their relatively smaller size, greater (local) market knowledge and relative financial independence compared to large companies (McCann et al., 2001) . However, family firms may be illequipped to build innovation capabilities, their financial resources are more limited, and/or their family members are overly concerned with wealth preservation, and thus limit their investments (Carney, 2005) . Creating innovative capabilities requires extensive investment in R&D and technological diversification, and it usually forces the family to establish business associations, or cede some ownership to parties outside the firm, such as venture capitalists or institutional investors (Carrasco-Hernández, 2013 ).
Hypothesis 8. Family owned firms are more likely to outsource innovation activities.
Although the food industry initially lagged behind in terms of quality certification (e.g. ISO9000), increased competition and the growing power of retailers have forced food firms along the entire chain to reorganize quality systems and implement standards (Avermaete et al., 2003) . Some studies show that the implementation of these standards in food firms may potentially result in innovation in products and processes and lead to competitive advantages. Implementation of ISO 9000 in small food firms in particular implies a radical change in the organization and puts conditions on the technologies and materials used in processing (Avermaete et al., 2003) . To our knowledge, the impact of quality certification on the decision whether to innovate in-house or to outsource has not received attention in the literature yet. Our hypothesis is that quality certification represents part of an in-house innovation strategy since it helps to save on transaction costs associated with the search of appropriate suppliers and customers as well as the negotiation of contracts and their control (López-Mielgo et al., 2009 ).
Hypothesis 9. Quality certification has a positive impact on in-house innovation activities.
The theoretical literature drawing on TCE and property rights considers the choice between external sourcing and internal development as substitutes (the classic dichotomy "make or buy"). Unless outsourcing stresses the advantage of tapping existing, specialized knowledge, it may create considerable transaction costs, ex-ante in terms of search and negotiation costs, and ex-post to execute and enforce the contract (Veugelers and Cassiman, 1999) . At the same time, however, it is often the complexity of transactions that pushes towards the adoption of plural forms of organization and governance of innovation (Ménard, 2013) .
Absorptive capacity and open innovation, on the contrary, stress that in-house and outsourcing can be regarded as complementary strategies rather than alternatives (CruzCázares et al., 2013) . Own in-house R&D activities are in fact often found to reduce some of the inefficiencies and problems associated with external acquisitions, if only because they allow to modify and improve external acquisition (Veugelers and Cassiman, 1999) and to facilitate a smooth assimilation of any externally acquired technology, through the notion of absorptive capacity (Arora and Gambardella, 1990; Cohen and Levinthal, 1989) . Existing studies indicate that the complementarity or substitutability of innovation strategies is conditional upon the sector. (Arora and Gambardella, 1990) for example find complementarities in the internal and external linkages of large chemical and pharmaceutical producers in the new biotechnology business. Cruz-Cázares et al. (2013) support this finding for high tech industries; Veugelers and Cassiman (1999) find that most of the Belgian agrifood firms use a combination of strategies, although small firms have a higher probability of using an exclusive make or buy strategy and are less likely to combine these strategies as compared to the larger firms.
Hypothesis 10. In the agri-food sector in-house and outsourcing innovation strategies are more likely to be substitutes than complements.
4 Data, empirical methodology and variable definitions
Sample
The analysis in the paper exploits EFIGE, a database collected within the EFIGE project supported by the Directorate General Research of the European Commission through its 7th Framework Programme and coordinated by Bruegel 4 . The dataset has several unique features. First, in order to be representative for the manufacturing structure of the seven countries covered (Austria, France, Germany, Hungary, Italy, Spain, and the United Kingdom), it is stratified by industry, region and firm size structure. Second, data are fully comparable across countries, since EFIGE derives from responses to the same questionnaire administered over the same time span (January to May 2010). Finally, for the first time in Europe, it combines quantitative and qualitative information on firms' characteristics and activities, for numerous items split into six sections ('proprietary structure of the firm', 'structure of the workforce', 'investment, technological innovation and R&D', 'internationalization', 'finance', and 'market and pricing'). Most of the questions refer to 2008, some ask for information related to 2009 and years prior to 2008 in order to obtain a picture of the effects of the crisis as well as the dynamic evolution of firm activities (Altomonte et al., 2013) . Data are cross-sectional and have the advantage of being neither focused on nor limited to innovative firms, which could have led to selection bias.
For the analysis in this paper, 1,393 firms have been selected as representative of the European agri-food manufacturing sector according to the Statistical classification of economic activities in the European Community (NACE 2). Almost 33% (459) of the sampled firms is based in Spain, 24% (330) in Germany, 17% (238) in Italy and 15% (212) in France. The majority of firms in the sample (86%, 1199 firms) is active in the manufacturing of food products, with 339 firms (24%) involved in the manufacturing of bakery and farinaceous products, 327 firms (24%) involved in the processing and preserving of meat and in the production of meat products, and 320 firms (9%) in the processing and preserving of fruit and vegetables. The remaining 14% of the sample (194 firms) are manufacturers of beverages. 
Variables for the empirical model

Dependent variables
The set of data considered allows us to define two dependent variables for our analysis. The first is INHOUSE and refers to firms that declared to have undertaken internal activities of research and development, meaning that they realized research activities in their laboratories and they appropriated the results of their research. In other words, these firms possess property rights on patents, copyrights, and trademarks created using internal resources. INHOUSE was constructed as a combination of five different indicators: whether the firms claimed to have performed R&D activities only internally in 2007-2009; whether they applied for a patent, registered an industrial design, registered a trademark, or claimed a copyright in the same period. INHOUSE then takes the value 1 when firms declared at least one of these activities, 0 otherwise.
The second dependent variable is OUTSOURCING and aims at representing all the research resources acquired from outside the firm and the investments in external activities, such us technologies, machines, innovations developed by other firms. The variable was indeed constructed based on three variables: ICT_INVEST, R&D_OUTSOURCED, and EXT_R&D. In the former, firms declared to have invested in plants, machines, equipment, and ICT in the period 2007-2009, in the second that they have acquired R&D from another firm in the group, in the third to have acquired R&D from external (to the group) sources. OUTSOURCING than takes the value 1 if firms declared investments in plants, machines, equipment, and ICT greater than 0% and/or declared to have acquired R&D externally to the firm (in the group) or to the group (externally). Therefore, it indicates efforts to buy and outsource technology and activities for which internal resources are not sufficient. Table 4 presents the descriptive statistics of these variables. 
Independent variables
A description of the independent variables used in the model is presented in table 6 together with the explanation of the respective hypothesis we want to test using them. Means and standard deviations are presented in table 7. From the descriptive statistics it emerges that on average almost all the firms involved in the EFIGE dataset have a broadband connection (mean 0.847 for the respective dummy variable), with a standard deviation of 0.360, and on average these firms are run as family firms (mean 0.749, standard deviation 0.434). The majority of them do not belong to group of firms (mean 0.174), and have on average a centralized management for the decision making process. 
Control variables
The age of the firm can proxy its organisational complexity, potentially representing the experience, the knowledge accumulated throughout a firm's history, the "learning" process of the firm, the firm's entrepreneurial behaviour, and the time since establishment (Avermaete et al., 2003; Galende and de la Fuente, 2003; Santamaría et al., 2009 ). The role of firm age has been however controversial in the literature. Some studies show the higher inclination to innovate by "old" firms, while some other considered "young" enterprises as more active in the direction of innovation . In this paper, AGE is measured as the number of years since the firm's establishment. Since the in-house innovation strategy requires high organizational capabilities to control the complex process of innovation, we make the hypothesis that younger firms with scant experience, a small knowledge base and without routines rarely established will select the outsourcing innovation (Cruz-Cázares et al., 2013) .
The role of firm size is another controversial issue in the literature (Avermaete et al., 2003; Traill and Meulenberg, 2002) . In general, large firms have greater financial resources and more highly qualified personnel to innovate internally, while small firms are more likely to engage in less risky activities and to buy or outsource innovation (Cruz-Cázares et al., 2013; Love and Roper, 2001) . Empirical evidence, however, is not clear cut, since some studies have found that large firms opt more for the in-house option as they want to take advantage of the economies of scale generated by internal R&D, marketing, and production activities (Stock et al., 2002; Tsai, 2001 ), other studies have reached opposite conclusions (Love and Roper, 2001) . Some studies (Veugelers and Cassiman, 1999) have also found that small firms prefer to restrict their R&D strategy to either make or buy, while large firms usually combine both strategies simultaneously, stressing for the complementarity of the two innovation strategies (Cruz-Cázares et al., 2013) . Other authors claim that small and medium firms can more easily adapt to market conditions since they have a higher internal flexibility, a better flow of internal communication, greater specialisation possibilities, as well as a higher informal and strategic control (Galende and de la Fuente, 2003) . As a result, small and medium firms are expected to be more open to collaborative forms of innovation and outsourcing. In our model, therefore, we control for SME, a dummy variable capturing the effect of being a small-medium firm (less than 250 employees) on the decision to innovate inhouse or to outsource.
Finally, legal status can be considered as another determinant of firm dynamism, also in the agri-food sector (Traill and Meulenberg, 2002) . Privately owned firms are in general assumed to be more dynamic and innovative than state owned enterprises. State ownership seems to be particularly constraining to core innovation as well as to opening new plants and signing new joint ventures and licensing agreements (Ayyagari et al., 2006) . Firms organized as corporations are considered as more dynamic than firms organized as proprietorships, partnerships or cooperatives (Ayyagari et al., 2006) . However, empirical evidence on the relationship between legal form and innovation strategies is lacking.
The context in which firms operate also represents a factor potentially influencing innovation sourcing decisions (Avermaete et al., 2003) . In particular, the geographical location of food firms and the (technological and also political) environment in which they operate can be a key factor in explaining the different attitudes to innovativeness (Avermaete et al., 2003; Love and Roper, 2001; Pascucci et al., 2011 Pascucci et al., , 2012 . The specific location of a firm is important to understand the opportunities to use local resources (e.g. research capital) as a source of knowledge and innovativeness (Capitanio et al., 2010) . We control for public (government) and private (business) sector expenditures for research and development as a percentage of GDP in the region in which the firm is located (BUS_GERD_PER_REG and GOV_GERD_PER_REG), and for the presence of public incentives as financial aids the firms receive (PUBL_INCENTIVES). Moreover, we control for the countries and the specific sector in which the firm operates by adding dummies.
Empirical methodology
A commonly used approach to estimate the probabilities of choosing between alternative strategies is to implement a discrete-choice model (Masten and Saussier, 2002) . In this case, the observed innovation strategy (i.e. in-house or outsourcing) is considered as an expression of a continuous latent variable reflecting the propensity to choose a specific option among different alternatives. The generic empirical model related to firm j to choose an innovation strategy s can be written as follow:
= 0 ℎ where * is the unobservable value of the strategy s for firm j (latent variable), is the observable strategy choice, for s=1 in case of in-house strategy and s=2 in case of outsourcing strategy.
′ is the vector of explanatory variables, as defined in section 4.2, for firm j, a vector of coefficients for strategy s and a vector of unobservable characteristics related to firm j and strategy s. We can derive the probability that strategy s is chosen by firm j ( ) as a function of the potential explanatory variables:
where F denotes the distribution function if the unobservable characteristics . Different econometric strategies can be implemented accordingly to the nature of the strategic choice analysed and the distributional form it is assumed for F (Verbeek, 2004) . A relatively common approach is to use separate logit/probit models to depict the basic binary choice of (in our case) innovate through in-house or outsourcing strategies. This would lead to a system of (two) equations. The implicit assumption is that the probability of innovating inhouse is independent from the probability of outsourcing. But there is a good chance that the firm likelihood to innovate in house is conditional to the decision whether or not to outsource innovation. In other word these decisions are likely to be interrelated. The usual alternative would be to estimate a bivariate probit model. For each choice (in-house or outsourcing) a probit model is estimated and it is assumed that the error terms for the two equations are correlated. The bivariate probit model enables us to model the decisions to choose more than one strategy simultaneously (Greene, 2008) .
Since the outcomes are treated as binary variables, any combination of strategies is possible. The strategies can be complements rather than substitutes only. The two equation model (one for s=1and the other for s=2) is featured by correlated disturbances, which (due to identification reasons) are assumed to follow a normal distribution (variance is normalized to unity). That is for each j th firm:
where ρ is a vector of correlation parameters denoting the extent to which the error terms covary. Should this be the case, we would need to estimate the two equations jointly, following a bivariate normal distribution: { 1 , 2 } = 2 (0,0,1,1, ). Because in this model we are interested in simultaneous strategic decisions, we have to define the joint probability. For example, the probability of firm j choosing in-house and outsourcing strategies at the same time ( 1 = 2 = 1) would be:
In this model the log-likelihood is then a sum across the four possible strategies variables (that is, four possible combinations of innovate ( 1 = 2 = 1) and non-innovate ( 1 = 2 = 0) times their associated probabilities (Greene, 2008) . These probabilities may be drawn from (5) as well. The most relevant coefficients estimated in the model are 1 , 2 and ( 12 ). The latter, if significantly different from zero, will evaluate to which extent each pair of decisions are interrelated.
Results
Three bivariate probit models have been estimated: the pooled model, without distinguishing the effect of location and sectors, and two models adding firstly the country dummies, then also the sector dummies. This last (complete) model will be commented in this section and the results are reported in table 8.
When technological resources are captured by the ICT related variables, our results show that ICT endowment plays a role in stimulating both innovation in-house and outsourcing, therefore hypothesis 1 holds in both the directions suggested by the theoretical approaches (1a and 1b). Specifically, the results show that outsourcing is facilitated by a broadband connection and a good system of internal information management used in standard software and/or e-mailing systems, compared to a situation without internet connection. A firm is more likely to innovate in-house, when it presents IT solutions for the e-commerce (i.e., on-line purchasing or online sales systems) and the system to manage the sales/purchase network (suppliers' orders, customer service) is well developed as specific assets of the firm. Companies with a high percentage of employees with a degree are more likely to innovate in-house to internalize the relative benefits, but the presence of a high percentage of employees dedicated to R&D activities makes no difference in terms of the strategy to adopt: the variable has a positive sign with respect to both innovation strategies. Table 8 shows that process innovation has a positive and significant impact on the decision to outsource innovation, while product innovation shows a significantly negative impact on the outsourcing decision. On the other hand, both product and process innovations are likely to be conducted in-house, as their positive and significant coefficients show. Therefore, it seems that for the sampled firms in-house and outsourcing strategies are used both in the case of process innovation, adding to the complementarity of the strategies when it comes to innovate in terms of processes. In-house is used only in the case of product innovation.
Result also show that the coefficient associated to the GROUP variable is not significant and shows a negative sign. Therefore, hypothesis 4 does not hold according to our empirical estimates. The empirical results conversely show quite surprisingly that the centralisation of the strategic decisions (namely, the fact that the CEO or the owner of the firm takes most decision in every area) is negatively correlated with in-house innovation, but the associated coefficient for the outsourcing strategy is not significant. Therefore, hypothesis 5 does not hold, since having a centralised decision-making system makes it less likely to innovate in house.
When human resources are evaluated, in hypothesis 6 we stated that the influence of flexibility in employment contracting on the in-house or the outsourcing decision is uncertain. Results show that the coefficients associated to the two variables are not significant. Therefore, it is impossible to draw conclusions on the effect of this variable.
In hypothesis 7 we stated that the greater the commercial resources of the firms, the greater the probability of selecting the outsourcing strategy. The empirical results do not confirm this statement, since EXPORT shows a positive and significant coefficient only with respect to the in-house strategy: adaptation to foreign costumers' requirements and preferences is the main issue for food exporting companies, and this requires a highly targeted innovation process which may lead to internalization of R&D activities more than making use of outsourcing to the market .
When approximating the management strategies of a firm with the level of the proprietorship, to test for hypothesis 8, we find that FAMILY (family owned enterprises) is not significant in the model, i.e. according to our results this variable does not exert any impact on the decision of a firm to innovate in-house or outsourcing. Moreover, being a family-owned firm seems to indicate a lower probability to innovate through collaboration with other firms. Quality certification (QUALITY_CERT) has a significant positive effect on the in-house innovation strategy. The implementation of quality standards in EU food firms seems to result in more internal innovation activities and potentially leads to competitive advantages. Quality certification confirms to be part of firms' in-house innovation strategy and to help saving on transaction costs associated with the search of appropriate suppliers and customers, the negotiation of contracts and their control.
Among the control variables, results show that more experienced food firms (AGE) are more likely to innovate via outsourcing. Maybe in view of the fact that although having more accumulated knowledge and tacit internal know-how, they suffer from routines and internal procedures which might reduce their likelihood to innovate internally. At the same time, more experience in the operating sector and cumulative knowledge create capabilities to use outsourcing strategies that younger food firms might not have and reduce search costs for partners. Small-medium firms and larger firms, then, do not differ when it comes to the decision of outsourcing innovation (the coefficient is not significant), however being a SME has a significantly negative impact on the decision to innovate inhouse, probably due to the difficulties in approaching innovation only on the basis of internal resources. The legal form of a firm does not exert any impact on the strategy decision. Receiving financial incentives from the public sector, even if not specific for research or innovation activities, has a positive impact on the decision to outsource innovation, while capital accumulation in the region does not show any influence.
Considering Hungary as a reference (the only Central European country), it seems that firms located in Germany are most likely to outsource innovation, while compared to the beverage sector, it seems that the dynamics in the meat sector and in the bakery sector are more conducive to outsourcing innovation.
Finally, the paper intends to verify whether in the agri-food sector innovation strategies are complements or substitutes (hypothesis 10). When we focus on the potential complementarity between in-house innovation and outsourcing in the European agri-food sector, the empirical results show that the two strategies are not correlated: the likelihood that a firm jointly considers both strategies is low, as the insignificant parameter rho in the model estimates suggests. In the bivariate probit model, rho is a correlation coefficient denoting the extent to which the two strategies co-vary. In our model rho is not statistically significantly different from zero (i.e. the null hypothesis cannot be rejected), so the two strategies can be considered as substitutes rather than complements. Table 9 reiterates the hypotheses and summarizes the results of the analysis. The aim of the paper has been to analyze which factors determine the decision of firms operating in traditional sectors. Particularly we focus on innovation strategies of firms operating in the agri-food industry in different European countries. The new elements that this study adds to the existing literature are the following. First, despite the large amount of empirical and theoretical studies on the issue of innovation in the manufacturing sector, less attention has been dedicated in the literature on traditional sectors, and particularly to the agri-food sector and its dynamics in terms of innovation strategies. Second, we pose a number of theoretical hypotheses in line with the relevant literature, which we address using a wide dataset containing data stratified by industry, region, and firm structure, fully comparable across seven European countries. The theoretical framework and the way the dataset has been explored in the paper represent an important novelty: to the best of our knowledge, this paper represents the first attempt to depict the status of the innovation activities in the agri-food sector covering seven European countries at the same time. Moreover, the information about the specific region and province of location let us analyze local conditions and their influence on the food firms' behavior. Finally, the paper adds insights into the debate about complementarity or substitutability between the two strategies, innovating in-house and outsourcing.
Using the unique dataset, we analyzed companies' innovation strategies while taking into account technological, organizational and commercial aspects of the firm. The emerging picture is neither clear nor univocal: a clear cut dynamic in innovating in-house and outsourcing is missing in the European agri-food sector. However, the combination of internal and external resources through outsourcing seems most common. A high level of human resources and ICT use influence both the decision to innovate in-house and outsourcing, while organizational aspects, especially those related to the decision process within the firm, are relevant only for the in-house strategy. Internationalized firms prefer the in-house strategy. The size of the firm is relevant only when it comes to decide whether to innovate inhouse or not. However, it emerges that small and medium sized firms are more likely to outsource innovation in the agri-food sector. Maybe, this is to be attributed to their difficulties in approaching internal efforts for research (e.g. investments). Nevertheless, in this model, size cannot explain the decision to outsource innovation.
Although almost half of the sample of firms operating in the agri-food sector in Europe adopts both the strategies, it emerges from the data that innovating in-house and outsourcing are rather considered as substitutes than complementary strategies. An analysis of the innovation project portfolio that firms might have is needed to investigate this finding in more depth.
As noted by (Hauser et al., 2006) , the research stream on managing firms' innovation boundaries remains in its infancy, in particular in the agri-food domain, and asks for future researchers to expand the knowledge base on this subject. Here, we attempted to identify some unexplored issues and questions in this domain that represent potentially fruitful areas of research and useful applications in practice. First of all, it would be interesting to compare the dynamics of the agri-food sector with those of other manufacturing sectors to verify whether the same hypotheses hold or not. On a more empirical side, future research should attempt to overcome some limitations of the present paper: (1) provide different definitions of in-house and outsourcing strategy, (2) add hypotheses coming from the property rights approach (e.g. using information about patents, copyrights, trademarks), (3) analyze different dynamics of the innovativeness of the agri-food sector, such as for example the impact of these strategies on the production of process or product innovation, (4) furthermore, efforts should be made to eliminate potential firm specific fixed effects that might be driving some of the results, and finally, (5) extending the analysis to the individual project level instead of the firm level may extend insights into the complementarity of the in-house and outsourcing innovation strategies. The same firms could in fact use different strategies according to the specific project involved.
With specific reference to the contribution to the COMPETE work package on innovation, further research will focus on the analysis of the impact of innovation strategies on innovation performances and on competitiveness.
